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Disposal of animal waste represents a severe environmental pro-
blem, particularly in areas such as cattle feedlots where livestock 
are concentrated. Animal waste can be converted to carbon dioxide and 
methane by the autocatalytic process of anaerobic fermentation. A 
scheme, based upon this process, for the disposal of the waste from 
two different size feedlots is presented. The design of this process 
is based on kinetic data from the literature which are fitted to a 
kinetic model including diffusional resistances. Economic calculations 
based upon available cost data are made to determine the profitability 
of the process. Economic evaluations indicate that this process is 
profitable at increased natural gas prices. 
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I. INTRODUCTION 
The modernization and specialization of the cattle producing in-
dustry in the United States has created a unique and serious pollution 
hazard. Most cattle now consumed by the public spend from six to 
eighteen months on a feedlot. The number of cattle feedlots with over 
one thousand head increased almost fifty percent from 1962 to 1970, at 
which time there were two thousand two hundred and forty-two. (l) The 
total quantity marketed from the feedlot numbered almost fourteen million 
head which represented an increase of three hundred percent from 1962. (l) 
Feedlot operators, depending upon the method of operation and 
facility construction, allow from twenty square feet to two hundred 
square feet per animal. (2) Each animal produces approximately sixty 
pounds of waste per day which is concentrated in small areas and 
necessitates disposal through means other than the natural capability 
of the environment. (3) 
The waste materials accumulated on feedlots contain harmful 
bacteria, impose a high biological oxygen demand on our waterways, and 
of course have an objectionable odor. Pathogenic Salmonella organisms 
have been found in animal feces, watering holes and runoff from animal 
confinement areas. Of these organisms, S. dublin and S. typhimueum 
are particularly dangerous. The former can cause meningitis in humans 
and the latter typhoid. (l) Table I indicates the dramatic effects 
feedlot runoff can have on adjacent waterway quality. Note the 
dramatic effect the waste material has upon depleting the dissolved 
oxygen content of the stream. 
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Table I. Fox Creek Near Strong City, Kansas, November 1962, Water 
Quality Parameters in Milligrams Per Liter4 
Five Day 
Biological Chemical 
Dissolved Oxygen Oxygen 
Oxygen Demand Demand Ammonia 
Time in Hours DO BOD5 COD NH3 
Average Dry Weather 8.4 2 29 0.06 
After Rain Fall 
13 7.2 8 37 12.0 
20 0.8 90 283 5.3 
26 5.9 20 63 
46 6.8 5 40 0.44 
69 4.2 7 43 0.02 
117 6.2 3 22 0.08 
3 
Today some operators of large feedlots attempt to use the natural 
processes by disposal of waste as fertilizer. Due to the large quan-
tities of manure involved, they are faced with serious problems. 
Excessive application may cause dangerously high nitrate concentrations 
in ground water. (l) The water holding capacity of the soil must also 
be considered since rainfall runoff could cause stream pollution. Be-
cause of this lingering pollution potential, and the high cost of 
applying manure to the soil in comparison with commerical fertilizers, 
land application of large quantities of raw manure as fertilizer is 
no longer an acceptable means of disposal. (2 ,5) 
Initially to facilitate collecting the waste not washed away by 
storm waters, feedlots were paved. (6) Further tightening of effluent 
regulations required that more of the waste material be retained by 
some kind of treatment facilities. A system of slotted floors 
through which waste could be flushed into pits was developed.(?) The 
waste in these pits undergo partial anaerobic decomposition. The 
liquid slurry is then applied to open fields. However, as mentioned, 
this type of disposal is not always a satisfactory method. 
Conventional sewage treatment processes, (e.g. activated sludge, 
aerated lagoons) offer the feedlot operator a method of waste disposal. 
Loehr( 3) has reported these methods technically satisfactory although 
the character of the feedlot waste (containing little water) is quite 
different from municipal waste (containing little solid matter). He 
points out that these processes would be prohibitive because of exces-
sive cost. 
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Spurred on by this dilemma, many investigators are searching for 
suitable alternatives. These alternatives include combinations of 
anaerobic and aerobic lagoons,( 3•8) thermochemical conversion to gas 
or oil ,(g) hydrogasification to methane,(lO) recycle as animal 
feed,(ll •12 ) and conversion to methane by anaerobic digestion. (3•13 •14 ) 
Treatment by a combination of lagoons provides a means of disposal, 
but no economic incentive. The economic feasibility of the thermo-
chemical processes and recycle as feed are presently under study. 
The use of anaerobic digestion and its economic incentive are 
the subject of this paper. Of utmost interest in this study is the 
possibility of providing a source of methane gas which could help to 
meet future demands. The demand for natural gas is projected to 
double in the next thirty years. (l 5) 
Natural gas is currently priced at twenty-five to twenty-six 
cents per thousand standard cubic feet, SCF, (one million BTU) in the 
Gulf Coast region. (l 5) This is the well head price which is set by 
the Federal Power Commission. This price has been stable for a number 
of years, but recently the Federal Power Commission agreed to a seventy-
three percent increase in certain areas. (l 6) Representatives of two 
Gulf Coast oil companies, Atlantic Richfield(l?) and CONOCO,(lB) have 
predicted that the well head price of natural gas will increase to 
between $1.00 and $1.15/1000 SCF by 1980. 
This increase in price is forecast as major energy companies 
seek alternate ways of providing energy to meet our nation•s demand. 
Atlantic Richfield is currently constructing a three hundred million 
dollar facility for conversion of coal and tar sands to crude oil feed 
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stock and synthetic natural gas. (l?) CONOCO has pilot plant operations 
underway which should lead to similar projects. (lB) Battelle Memorial 
Institute will spend twenty five million dollars on a five year energy 
study aimed at finding better ways of using coal and hydrogen as 
energy sources. (l 5) These are only a few examples of the vast amount 
of money and effort that are required to meet our nation's increasing 
demand for energy. In addition to the above, the United State Senate 
is currently considering legislation that would establish an eight 
hundred million dollar per year energy management program. (lS) 
The purpose of this investigation was to determine the technical 
and economic feasibility of the production of methane gas from beef 
cattle feedlots. To accomplish this, the applicability of anaerobic 
digestion to the treatment of feedlot wastes had to be determined. A 
literature review revealed that at least four investigators had 
successfully digested cattle wastes anaerobically. From the data 
supplied by these investigators a kinetic model for the digestion of 
these wastes was established. 
After the determination of a kinetic model describing this di-
gestion process, the development of a suitable process was undertaken. 
From the literature review and the kinetic model it was recognized 
that to develop an economically successful process, a combination of 
treatment methods would be required,i.e. anaerobic digestion followed 
by further treatment. In this investigation activated sludge, aereated 
lagoons, and carbon adsorption were considered. 
The process development involved the determination of investment 
required for capital equipment and operating costs incurred for the 
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process. To determine the most economical process a computer simula-
tion, using economic data from various sources, was developed. The 
key variables studied were (1) the number of digesters required, 
(2) effluent concentration from the anaerobic digester system, (3) 
feed lot size and (4) gas treatment and processing. This evaluation 
determined the ability of this process to compete with natural gas 
at current and projected natural gas price levels. 
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II. LITERATURE REVIEW 
A literature review was conducted to accomplish three functions: 
(1) To obtain design information from which an economic study of 
anaerobic digestion of cattle waste could be made. This included 
acquisition of experimental cattle waste digestion data for this 
process. (2) To provide an understanding of the basic kinetic 
characteristics of the anaerobic digestion process so that a model 
for reactor design could be developed. (3) To compare this approach 
to alternative schemes proposed by other investigators. 
A. Feedlot Waste Treatment Methods 
Cattle wastes have been digested on a pilot scale by three inves-
tigators Loehr,( 3) Hart,(l 3) and Jefferies et ~- (l 4) Jefferies data 
was of little value as no measurement of methane production was taken. 
The data of Loehr and Hart were used in the development of the processes 
presented in this paper. The results of these investigations showed 
that cattle wastes were very suitable for anaerobic digestion. 
Loehr( 3) studied the application of lagoon treatment, both 
anaerobic and aerobic, to feedlot waste. He reported that treatment 
solely by either method was unsuitable. However, treatment by a 
combination of anaerobic followed by aerobic lagoon could produce an 
effluent suitable for discharge. 
Based upon the thermodynamic properties of dry manure, Halligan 
and Sweazy(S) made thermochemical evaluations of the conversion of 
cattle waste to methane, oil, and synthesis gas (H2) for an ammonia 
production facility. They concluded that due to the simplicity of the 
process, the production of synthesis gas was the most suitable process 
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to thermochemically convert dry cattle waste to useable products. 
However, the high temperature and pressure requirements of this process 
result in an uncertain net energy production. 
Turk and Coe(?) investigated the possibilities of using raw dried 
waste as an animal feed supplement, but were unable to establish that 
the material was, in fact, utilized by the animal. Digestion trials 
on sheep indicated that digestion coefficients for fecal matter are 
low with respect to both dry matter and nitrogen. In order to make 
this material useable, a process of partial anaerobic digestion of 
cattle waste and the use of the remaining solid (in dry form) as a feed 
supplement was investigated. Their results indicated that these dried 
solids contain a crude protein content twice that of raw waste. The 
amino acid quantity and quality of this material compared favorably 
with soybean and cotton seed meal. No information on the digestability 
of this material was presented by these investigators. 
Feldman(lO) reported that dry cattle manure may be converted into 
pipeline gas (methane and ethane) by hydrogasification. The process 
involves mixing hydrogen gas with dry cattle waste under suitable 
operating conditions. The technology for this process is being 
developed by the U.S. Bureau of Mines, however, to date no economical 
method of production has been developed. 
B. Characteristics of Anaerobic Fermentation 
The formation of methane in the decomposition of organic compounds 
is brought about by the action of a physiological group of bacteria 
called methane producing bacteria. Methane producing bacteria have 
not been as widely studied as other bacteria. It wasn•t until 1936 
that the first species of these bacteria were isolated in a pure 
culture. (l 9) 
Most investigators express the anaerobic digestion of complex 
substrate by three steps:( 20, 2l) 
(1) Hydrolysis- enzymatic conversion of solid organic to 
soluble organic compounds 
(2) Acid Formation - fermentation of soluble organic matter 
(carbohydrates, proteins, alcohols, and fats) to organic 
acids. 
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(3) Gas Formation- fermentation of organic acids by metabolism 
of methane bacteria to carbon dioxide and methane. 
As recognized by numerous investigators, the fermentation involves 
the conversion of organic acids to the end products of methane and 
carbon dioxide. The mechanism of the reaction has not been widely 
studied. Van Niel suggested the carbon dioxide reduction theory which 
was later supported by experimental observation of Sohngen by label-
ing of carbon atoms. (l 9) This theory suggests a two step oxidation-
reduction reaction. The overall equation for the fermentation of 
acetate is as follows: 
bacteria >CH4 + C0 2 CH3COOH ( 1 ) 
By labeling of the carbon atoms it was shown that this reaction 
is a two step oxidation-reduction in which the end product methane is 




CH3COOH + 2H20 + 2C02 + 8H 
8H + C02 + CH4 + 2H20 




( 1 ) 
a. Volatile acid concentration and alkalinity. As previously 
mentioned, the digestion is a three step process in which one step is 
the acid formation. An increase in the concentration of acid formed 
will result in a decrease in reactor pH which, if significant, will be 
fatal to the methane bacteria. (22 ) The alkalinity in a digester serves 
as a buffer to prevent rapid changes in pH. Loehr's cattle waste 
digesters operated at volatile acid concentrations of 100-175 milli-
grams per liter (mg/1) and alkalinities of 1500-2050 mg/1. (3) 
b. ~- A vital characteristic of methane bacteria is that they 
only grow in the range of neutrality (pH= 7.0). The normal operating 
range for the digestion of domestic sludge is a pH between 6.8-7.4. (22 ) 
For cattle waste Loehr's( 3) digesters had pH values of 6.7-6.8, and 
Hart's(l 3) digesters ranged from 7.0 to 8.2. 
c. Temperature. Methane bacteria can grow over a wide tempera-
ture range,< 23 ) but conventional anaerobic digesters operate at the 
upper end of the mesophilic temperature range (20-40°C)5 24 ) For the 
data used in this study, Loehr and Hart operated at 95°F. 
d. Gas production and composition. Gas produced by anaerobic 
digestion of domestic sewage is normally composed of 30 to 35 percent 
carbon dioxide and 60 to 65 percent methane. (22 ) Small amounts of 
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hydrogen and hydrogen sulfide gas may be present in the effluent gas. (23 ) 
For the digestion of cattle waste, Loehr reported methane concentration 
varying from 52 to 58 percent. Hart's values ranged from 52 to 64 per-
cent. Total gas production from domestic sewage will average about 
16 cubic feet per pound of volatile solids destroyed. (22 ) 
For cattle wastes, Loehr and Hart reported from 11 to 18 cubic 
feet of gas are produced per pound of volatile solids destroyed. Loehr 
measured the volatile solid production for a 900 pound steer to be 7 
pounds per day. 
e. Biological oxygen demand. The reduction of effluent BOD 
is of primary interest in the anaerobic digestion process. Loehr 
reduced the five day biological oxygen demand (BOD5) by 52.4 to 
57.0 percent in his digesters. Hart reduced BOD5 by 77 to 89 percent 
in his digesters. 
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III. THE ANAEROBIC DIGESTION PROCESS 
For this study, the requirements of the anaerobic digestion pro-
cess are two fold: first, to eliminate the pollution of the cattle 
waste; and second, to collect the methane produced for sale. For the 
reduction of BOD5 from a level of 15000* mg/1 BOD5 to 100 mg/1 BOD5 , an 
anaerobic digestion process followed by additional treatment is neces-
sary. The final effluent concentration of 100 mg/1 was decided upon 
based on the review of water stand~rds of mid-west cattle producing 
states. 
The evaluation of processing feedlot wastes was accomplished 
using two basic schemes. The first process, illustrated by Figure l, 
presumes methane must be purified before sale and employs the use of 
gas purification equipment in addition to the basic waste treatment 
facilities. The gas processing equipment includes a standard mono-
ethanolamine scrubber for removal of carbon dioxide from the gas stream 
and a stripper for regeneration of the monoethanolamine solution. 
This purification system is identical to that used in removing carbon 
dioxide from ammonia synthesis gas. Also included was a compressor to 
compress the product gas, methane, to pipeline pressures. 
The second process scheme evaluated, shown in Figure 2, involved 
no treatment of the product gas. Only the cost incurred by the basic 
waste treatment facilities was considered. This scheme presumes that 
the pipeline company provides purification and compression. It is 
possible since the gas would be mixed with large quantities of 
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natural gas in the pipeline, removal of carbon dioxide is not necessary. 
In addition to these processing schemes, there are additional 
questions concerning the basic process which must be considered. 
First, should a single anaerobic digester or a series of digesters be 
provided? Next, what degree of secondary treatment should be provided? 
Some secondary treatment device is indicated, although methane pro-
duction is sacrificed. Finally, what type of secondary treatment should 
be provided? 
These questions can only be answered by economic analysis of 
the various alternatives. The economic calculations required the size, 
investment, and operating cost of the equipment in the process. In 
order to make these calculations, a computer simulation model for the 
equipment in the process was developed. The model is contained in 
Appendix 1. The design and economic methods used in this model are 
described in the remainder of this section. 
To arrive at the most profitable operating conditions, the varia-
tion of three process parameters was studied. These parameters were 
the number of anaerobic digesters, effluent concentration from the 
anaerobic digesters, and alternate methods for additional treatment of 
the waste material. Calculations were performed for two feedlot sizes, 
one hundred thousand head and ten thousand head. Figure 1 represents 
the most profitable operating conditions for a one hundred thousand 
head feedlot with gas processing. Figure 2 represents the most pro-
fitable operating conditions for a one hundred thousand head feedlot 
without gas processing. 
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A. Design of Anaerobic Digesters 
The economic success of this process depends upon the digester 
size and hence the kinetics of the anaerobic reaction. Few studies 
have been made to characterize the kinetics of this reaction; and 
design procedures utilize somewhat arbitrary reactor retention times, 
developed from past experience. (26 , 27 ) 
1. Kinetics of Anaerobic Digestion 
In a multi-step process such as fermentation of animal waste, 
the kinetics of the slowest step will determine the rate of substrate 
utilization. The rate limiting step in anaerobic fermentation is 
generally accepted as the third step or gas formation. Consequently, 
a knowledge of the kinetics of the fermentation of organic acids should 
provide a basis for the design of the reactor. 
The reaction can be described as autocatalytic in the sense that 
the formation of one of the products, new bacteria enhances the over-
all rate of reaction; and, of course, in the absence of bacteria, no 
reaction occurs. The reaction takes place in the solid phase and can 
be classified as heterogeneous since both solid and liquid phases are 
involved. The similarity between micro biological reactions and 
heterogeneous catalysis has recently been established. (2B) 
Biological reactions can be expressed as: 
k3 (SM) -+ M + Products ( 4) 
where: S = organic substrate 
M = micro organism 
(SM) = substrate-organism complex 
k1,k2 ,k3 =rate constants 
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The gas formation reaction can be represented by Equation 1 with 
organic acids as substrate. The kinetic expression usually employed 
to define the rate of formation of organisms is the Monad model*:( 29 •30 ) 
k3 c c r _ m s 
m - K + Cs (5) 
where: rm = rate of formation of organisms (mg/1-day) 
em = total concentration of organisms in reactor, including 
organism-substrate complex, (mg/1) 
Cs = concentration of free organic substrate in reactor 
(mg/ 1 ) 
k3 = rate constant 
K = rate constant, (mg/1) 
From a mass balance about a stirred reactor at steady state with 
no organisms in the feed, the rate of formation of organisms is given 
by: 
c 
r - m m- 9 
where : Q = retention time in the reactor (days) 
Combining Equations (5) and (6) gives: 
(6) 
(7) 
* This equation is frequently written in terms of the specific growth 
rate, ~ = rm/Cm = k3Cs/~ + Cs) . 
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Most in~estigators studying the kinetics of anaerobic fermentation 
use Equation (7) to predict the effluent substrate concentration inde-
pendently of the inlet substrate concentration. This procedure has 
been reported unsatisfactory by several investigators who found the rate 
to be concentration dependent. This method of analysis assumes that 
the rate of reaction proceeds proportionately with the bulk concentra-
tions of substrate and micro-organisms in solution and does not include 
diffusional resistances. 
B. Kinetics of Cattle Waste Digestion 
Table II is a summary of the experimental findings of two studies 
using cattle manure as substrate. It is quite obvious that these 
data do not conform to the model in Equation (7) since each investiga-
tor found the effluent concentration to vary with changing feed com-
positions at a constant holdup time. Therefore, another mechanism is 
required to define the kinetics of cattle waste digestion. 
In industrial processes, micro organisms are employed as biologi-
cal floes suspended in fluid (anaerobic reactors), or as biological 
films adhering to a support surface. In either system, the micro-
organisms take the form of a gelatinous material which is considerably 
larger in size than that of an individual bacterium. The substrate 
molecules must be transported through this gel surrounding the 
organisms beforeanyreaction can proceed; and~the model describing 
substrate conversion should, logically, include a diffusional resis-
tance. 
A differential mass balance, applied to a microbial mass, in which 
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the molecular transport is described by an effective diffusion coef-
ficient, yields the following equation: 
where: De = effective molecular diffusion coefficient 
* 
(8) 
Cs = substrate concentration in the inner region of the 
microbial mass, (mg/1) 
x = distance into microbial mass 
a = active surface area per unit volume of microbial mass 
rs = rate of substrate consumption by reaction (mg/1-day) 
The relationship generally employed to describe the rate of substrate 
consumption in microbial reactions is:( 28 • 29 • 30 ) 
(9) 
where: k4 = rate constant, (mg/1-day) 
Equation (9) is analogous to the Michaelis-Menten expression for the 
rate of product formation in enzyme kinetics. Since the reactions in-
volved in the metabolism of bacteria are controlled by enzymes, it is 
reasonable that the kinetics of the biological utilization of substrate 
follow that of enzymatic reactions. 
Substituting Equation (8) into Equation (9) produces; 
d 2c: k4c: 
D --:--2 -a *=0 
e dx K + C 
s 
( 1 0) 
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Solutions to Equation (10) have been presented by Atkinson and Daoud~28) 
For microbial floes, low substrate concentrations, and high diffusional 
resistance, the solution reduces to: 
where: k5 = combined rate constant including reaction and 
diffusional influences, days-l 
( 11) 
The model of Equation (11) is tested with the data of Table II 
as shown in Figure 3. A reasonable fit is obtained with k5 = . 125. 
For the stirred reactor, the rate of disappearance of substrate is 
l~Cs 
given as -g- ; where l~Cs is the difference in inlet and outlet sub-
strate concentrations and 9 is the retention time in the reactor. 
Substituting into Equation (11) and solving for 9 yields: 
l~C 
s 9 = ---=-~~ 
. 125 cs ( 12) 
The digesters employed by Loehr and Hart closely approximate 
stirred tank reactors as described by Levenspiel. (31 ) From Equation 
(12) the residence time for a stirred tank reactor can be calculated. 
In normal applications stirred reactors are employed in series to 
maximize the effectiveness the concentration gradient has upon the 
rate of reaction, thereby minimizing the reactor residence time . 
Levenspiel presents an equation for hold up time in equal volume-
equal residence time stirred reactors in series for first order reac-
tions as: 
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TABLE II. KINETIC DATA FOR ANAEROBIC DIGESTION OF CATTLE WASTE 
Inlet Effluent Reactor Rate of Percent 
Substrate Substrate Holdup Reactor Disappearance Destruction 




mg/1 mg/1 days oc mg/1-day 
3,800 1 ,830 10 35 200 52 Loehr [3] 
7,700 3,310 10 35 430 57 Loehr [3] 
11 ,600 5' 130 10 35 650 56 Loehr [3] 
15' 300 6,740 10 35 860 56 Loehr [3] 
9,900 2,300 26.3 35 290 77 Hart [13] 



















• Data of Loehr (Table 2) 





Figure 3. Relationship for Rate of Substrate Disappearance with 
Substrate Concentration for Anaerobic Digestion of Cattle 
Waste. 
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(C ) 1/N 
9 - 1 [ 0 - 1] 
-~ -rc;r ( 1 3) 
where: 9 = residence time in reactor 
K = reaction rate constant 
co = influent concentration to series of reactors 
cs = effluent concentration from series of reactors 
N = number of reactors in series. 
To apply Levenspiel•s equation, the flow rate through the series 
of reactors must be constant. In the case of the anaerobic decompo-
sition of cattle wastes, the liquid flow rate through the reactors 
decreases proportionally as substrate is converted to gas. Therefore, 
it was necessary to develop an equation analogous to Levenspiel •s but 
which considers the variation in flow rate throughout the system. 
A material balance on the reactor in Figure 4 for component A 
yields the following: 
Input = Output + Disappearance 
where: Fo = Input to reactor lb/HR 
3 
vo = flow rate to reactor FT /HR 
CA = concentration of reactant in influent lb/FT
3 
X = fraction of reactant converted to product 
3 v = volume of reactor FT 
( 14) 













Figure 4. Stirred Tank Reactor. 
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9 = residence time hours 
-r = rate of reaction 
E = density change 
Substituting equations (15), (16), and (17) into equation (14) and 
solving for 9 we obtain: 
( 18) 
XA is related to concentration in the reactor by: 
( 19) 
Substituting Equation (6) into Equation (5) and simplyfying we obtain: 
(20) 
The residence time is the same in all the reactors therefore: 
( 21 ) 
It follows that: 
(22) 
Equation 22 can be used to calculate residence times in stirred reactors 
wher e there exists a di f f erential flow rate within the reactor system. 
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C. Cost Calculations 
An extensive literature search was made to determine the invest-
ment and operating cost of digesters, gas treatment facilities, and 
subsequent treatment facilities. Conflicting cost data were found in 
many instances and, in most cases, the higher cost values were used 
in this study. The costs presented have been adjusted to 1973 levels 
by the Marshall and Stevens index~ 32 ) 
1. Digester costs 
Digester costs are determined from digester volume which was 
found as the product of residence time and flow rate. The residence 
time was calculated from Equation (22). Total cost for the anaerobic 
digesters was calculated from two different sets of cost data. Cost 
data from Smith( 33 ) expresses the cost of anaerobic digesters as 
follows: 
where: Cost 1 = capital cost (dollars/cubic foot) 
Vl = digester volume (cubic feet) 
(23) 
After a review of literature data for construction cost of large 
tanks, it was felt that Smith's data was considerably high. In view 
of this, digester costs were also calculated with cost data from 
Guthrie~ 34 ) Cost data for floating head tanks with ancillary equip-
ment including compressors for agitation by gas recirculation and 
heating coils. Tank costs from Guthrie are expressed as: 
Vl .63 Cost 2 = 239.61 (7.48 x 1000) 
where: Cost 2 = capital cost (dollars) 
Vl = volume (cubic feet) 
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(24) 
Compressor cost were also calculated using data from Guthrie. 
The compressor horsepower requirements were determined by assuming 
adiabatic compression( 3S) and a gas flow rate of one half the tank 
volume per hour. An outlet pressure of thirty pounds per square inch 
absolute was used. 
Guthrie expresses compressor costs as: 
Cost 3 = 625 x c1· 787 (25) 
where: Cost 3 = capital cost (dollars) 
Cl = compressor size (horsepower) 
Costs for the heating coils and gas distributors were assumed to 
be 10 percent of the tank cost. This figure was arrived at by com-
parison with mixing costs for stirred tanks( 36 ) plus coil costs based 
on the heat transfer area required. The cost of heating the digesters 
to 95°F is included in equation (26). For the case of gas purification 
and additional 30.0/MM BTU/HR are available from the MEA and co2 streams. 
Operating costs for the digesters was calculated using Eckenfe1ders 
data. (3?) 
V1 (O 048 0.54 ) Cost 4 = 1200 1000 · + (Vl/1000)0.5 
where: Cost 4 = operating cost (dollars/year) 
Vl = digester volume (cubic feet) 
(26) 
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2. Compressor Cost for Product Gas Compression 
Compressor horsepower requirements for the product gas were 
determined using an outlet pressure of seven hundred pounds absolute. 
The size and cost were obtained by the methods given above. Operating 
costs were computed from horsepower requirements using a power cost of 
$.01 per kilowatt hour. 
3. Gas Treatment 
Determination of scrubber and stripper size was made by three 
methods. The first method was by calculation of the number of transfer 
units (NOG) and the height of a transfer unit (HOG) for a packed column 
as outlined in Faust. (38 ) The resultant column involved too great a 
pressure drop to be considered feasible. 
The second method involved the calculation of a column size for 
a sieve tray column. The number of theoretical trays were calculated 
by the McCabe-Thiele method using equilibrium data from Perry. <35 ) By 
this method, due to the favorable equilibrium data, the number of trays 
required was only two to three trays. Based upon personal experience 
and data from the Natural Gas Processors Suppliers Handbook, (39 ) 
columns of two to three trays are impractical. The Natural Gas 
Processors Suppliers Handbook indicates that from fifteen to twenty 
trays are required for the complete removal of carbon dioxide. There-
fore, the number of trays was increased to ten for this separation, 
which represents a conservative tray effeciency of twenty five percent. 
Column diameter was calculated by the determination of the maximum 
allowable vapor velocity as outlined by Perry~ 35 ) The cost determina-
tion for the column was based on a correlation developed from Guthrie•s 
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data. 
Cost 5 = (1325.0 X 0 X 3.04 X 10.0 + 107.0 X 0 X 3.18) (27) 
where: Cost 5 = scrubber capital cost (dollars) 
0 = column diameter (feet) 
Calculation of the stripper size showed this column to be the same size 
as the scrubber. The stripper cost was also found by Equation (27). 
Operating costs were calculated on the basis of steam requirements of 
1.1 pounds( 39 ) steam per gallon of amine solution circulated. 
4. Additional Treatment Methods Comparison 
a. Activated sludge. Activated sludge capital costs were deter-
mined using data from Beychok. (40) These calculations were based 
upon pounds soo5 removed per day which is more conservative than other 
data reported in the literature: 
Cost 6 = B x $75.00 (28) 
where: Cost 6 = capital cost (dollars) 
B = pounds of B005 removed per day 
A more suitable method of determining activated sludge treatment 
facilities cost based upon system volume would have been preferred. 
Eckenfelder( 37 ) offers such a relationship, however calculations using 
his correlation yield cost figures ten times lower than those of 
Jelen( 36 ) and eight times less than those of Beychok and Smith,( 33 ) 
which is for domestic sewage. 
The operating costs for the activated sludge process were calculated 
using Eckenfelder's data. 
Cost 7 = 2700.0 + 2SOO/(mg)· 67 
where: Cost 7 = capital cost (dollars per million gallons) 
mg = plant size (million gallons) 
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(29) 
The system volume was determined from the residence time which was 
calculated from the relationship: 
where: cs = influent concentration (mg BODs/liter) 
CF = effluent concentration (mg BODs/liter) 
kA = was assumed to be .0008 mg/liter 
and Xv = was assumed to be 2SOO mg/1 iter , MLVSS 
9 = residence time 
(30) 
b. Aerated Lagoon Costs. Aerated lagoon costs were determined 
using Eckenfelders(3?) correlations: 
Cost = 73000 x (VL) 0· 7 (31) 
where: VL = lagoon size in million gallons 
The volume was determined from the residence time which was cal-
cu lated from the relationship: 
(32) 
where cs = influent concentration (mg BODs/liter) 
CF = effluent concentration (mg BOD/liter) 
KG = rate constant mg BODs/liter day 
8 = residence time (days) 
The operating costs for an aerated lagoon using .05 HP/1000 
gal( 3?) is related to lagoon cost by 
OPCOST = 4.1~-4 (COST) 1· 42 
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(33) 
Calculations over the entire range of conditions that were evaluated 
showed that in all cases, both the operating and capital costs for 
aerated lagoons were greater than those for the activated sludge 
system. Therefore, activated sludge system was chosen over the 
aerated lagoon. 
c. Activated carbon. Equilibrium data for the system of cattle 
waste and activated carbon is not available. Preliminary cost calcula-
tions using data for industrial wastes seemed promising in comparison 
to activated sludge. However, due to the cost of subsequent treat-
ment required of organic wastes removed from the activated carbon and 
the lack of sufficient data to study this method, further consideration 
was not pursued. 
5. Economic Evaluation 
In determining the economic profitability of anaerobic digestion 
of feedlot waste two assumptions were made. First, since the feedlot 
operator must handle the feedlot waste material regardless of the 
method of disposal, no handling costs were considered in any economic 
development. Secondly, it was assumed that the methane gas produced 
was readily marketable. This situation could exist if the feedlot was 
located in the close proximity of a natural gas line. The economic 
criteria used to judge the various process alternatives in this study 
was the pay out period. 
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Gas production per animal was based on the generation of 60 
pounds of raw waste per animal per day. (3) Extrapolating Loehr•s 
data to 100 percent 80D5 reduction a value of eighty-six cubic 
feet per animal per day was obtained. Gas production was calculated 
by multiplying fractional 80D5 destruction in the anaerobic process 
times the value of eighty-six cubic feet per animal per day. 
Economics were calculated for gas prices of $.30-.70/1000 SCF 
methane in increments of $.10. It was felt that these values would 
provide adequate information to determine at what point this process 
would become profitable. Dr. T. Wilson,( 4l) verified under todays 
market conditions a price of $.40-.50/1000 SCF was realistic for 
unprocessed gas. He also stated a figure of $.60-.70/1000 SCF is 
realistic for processed gas. 
The forecast of economic success of the process was calculated 
on the basis of pay out. The pay out period was then calculated by 
Equation (34). Depreciation of ten percent of capital cost per year 
was used. 
where: 
PO = CAP NP + 0.1 x CAP 
PO = pay out period (years) 
CAP = capital expenditures (dollars) 
NP =net profit (dollars/year) 
The net profit, assuming 50 percent taxation on net revenue, was 
determined as follows: 
NP = (RV - OP) x 0.5 
where: RV = total revenues (dollars/year) 
(34) 
(35) 
OP = summation of operating costs plus two tenths times 





As with all evaluations of proposed processing ventures, the 
decision of management to commercialize a process is based almost 
entirely on the economic evaluation. The results of the economic study 
of this process provide a surprising economic incentive at increased 
product prices. Figures 5 and 6 indicate the pay out periods for the 
optimal processes for one hundred thousand head and ten thousand 
head feedlots respectively at various price levels. 
The pay out periods were calculated for processes with and without 
gas purification. In both cases the variation of the number of di-
gestors from one to five and the effluent concentration from the di-
gestor system from 1000 to 7000 ppm BOD 5 was evaluated. As previously 
discussed, the most economical method of additional treatment was 
found to be activated sludge. 
Figures 5 and 6 also provide an analysis of gas purification 
costs. At payout periods of less than 10 years, the figures indicate 
that gas treatment cost vary from$. 12-$.16/1000 SCF for the 100,000 
head feedlot and$. 13-$.17/1000 SCF for the 10,000 head feedlot. A 
decrease in treatment costs is noted at higher gas flow rates. 
In the evaluation of optimum operating conditions a constraint of 
a minimum holdup time of 9.00 days was assumed. This constraint was 
applied to eliminate the possibility of 11 Wash out 11 (bacteria being re-
moved faster tha n their growth rate) occurring in the reactor. Nine 
days was felt to be rea sonable as Loehr( 3) had operated at retent ion 




















Smith•s Data with Gas Purification 
Guthrie•s Data with Gas Purification 
Smith•s Data without Gas Purification 
Guthrie•s Data without Gas Purification 
35 
. 30 . 40 . 50 . 60 . 70 
Gas Price ($/1000 SCF) 






Figure 6. Payout Period 
, Guthrie with gas purification 
• Smith with gas purification 
• Guthrie without gas purification 
~ Smith without gas purification 
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of approximately four days for numerous pure substrates. 
In evaluations where the optimum pay out period occurred at resi-
dence times of less than 9.00 days, these values were not used and 
values that satisfy the constraint conditions were chosen. 
Appendix 2 contains tables of all the pay out periods calculated. 
The dark line drawn between the data forms the nine day constraint. 
All points above the line satisfy the constraint, those below do not. 
For one hundred thousand and ten thousand head feedlots with gas 
processing using Smith's cost data, optimum pay out periods of 6.03 
years and 6.78 years respectively at $.70 per one thousand standard 
cubic feet are obtained. In both process systems three digesters with 
residence times of 9.12 days are optimum. The effluent concentration 
from the third digester is 2,000 mg/1 BOD5. Additional treatment to 
100 mg/1 BODS is accomplished by an activated sludge system. The 
capital and operating cost along with the related economic calculations 
are contained in Table III. 
Using Guthrie's data and a product price of $.70 per one thousand 
standard cubic feet, optimum pay out periods of 4.83 years and 8.75 
years are calculated for one hundred thousand and ten thousand head 
feed lots respectively. For the one hundred thousand head feedlot a 
system of two digesters with an effluent concentration from the second 
digester of 2,000 mg/1 BODS is best. For the ten thousand head feedlot 
a system of two digesters with an effluent concentration from the 
second digester of 3,000 mg/1 BODs is optimal. Residence time for these 
two systems are 16.S6 days and 11.77 days respectively. The associated 
economic calculations are contained in Table IV. 
Table III. Economic Analysis of Cattle Waste Processing with Gas 
Purification at a Gas Price of $.70/1000 SCF Using 
Smith's Cost Data.33 
100,000 10,000 
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Head Feedlot Head Feedlot 
Capital Costs 
Anaerobic Digesters 
Activated Sludge Process 
Compressors 





Activated Sludge Process 
MEA Scrubber and Stripper 
Compressors 
Depreciation, Taxes, Insurance 




Income Tax (50%) 
Net Profit 
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Table IV. Economic Analysis of Cattle Waste Processing with Gas 
~~~~;~ ~~ ;~2n C~;t aD~~~. Price of $. 70/l 000 SCF Using 
Capital Costs 
Anaerobic Digestion 
Activated Sludge Process 
Compressors 




Ana.erC:lbi c Di ges ti on 
Activated Sludge Process 
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For systems without gas processing optimum pay out periods of 
6.83 and 6.96 years at $.50 per one thousand standard cubic feet are 
calculated for one hundred thousand and ten thousand head feedlots 
respectively using Smith's data. For both cases, the process requires 
three digesters with the residence time of 9.12 days. The effluent 
concentration of the third digester is 2,000 mg/1 BOD5. The associated 
economic calculations are contained in Table V. 
For one hundred thousand and ten thousand head feedlots without 
gas processing using Guthrie•s data optimum pay out periods of 5.32 
and 9.38 years respectively at $.50 per one thousand standard cubic 
feet is obtained. For the one hundred thousand head feedlot a system 
of two digesters with an effluent concentration from the second di-
gester of 2,000 ppm BOD5 is necessary. For the ten thousand head 
feedlot a system of two digesters with an effluent concentration from 
the second digester of 3,000 mg/1 BOD 5 is required. Residence time 
for these two systems are respectively 16.56 days and 11.77 days re-
spectively. The cost analysis is contained in Table VI. 
Figure 6 illustrates the effect varying the effluent concentration 
has upon the pay out period. It is noted that the economics are quite 
sensitive to changes in effluent concentration. This parameter should 
be considered as a design variable in future studies of this type. 
As can be seen for this particular set of operating conditions, the 
optimum pay out occurs near 2,000 mg/1. 
As noted by the tables in appendix 2, the optimum effluent con-
centration from the digester system occurs between 2,000 - 3,000 mg/1 
BOD5. At levels below this concentration, the cost of subsequent 
Table V. Economic Analysis of Cattle Waste Processing with Gas 
Purification at a Gas Price of $.70/1000 SCF Using 
Smith•s33 Cost Data. 
100,000 10,000 
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Head Feedlot Head Feedlot 
Capital Costs 
Anaerobic Digestion $3,452,076 $379,142 
Activated Sludge Process 763,210 760,321 
TOTAL $4,215,286 $455,462 
Revenue $1,389,882 $138,998 
Operating Costs 
Anaerobic Digestion $ 128,463 $ 2,073 
Activated Sludge Process 26,800 6,027 
Maintence (20% Capital Cost 843,057 91 ,092 
per year) 
TOTAL $ 998,320 $ 99,192 
Gross Profit $ 391 ,565 $ 39,806 
Income Tax (50%) $ 195,780 $ 19 ,903 
Net Profit $ 195' 780 $ 19,903 
Pay Out (Years) 6.83 years 6.96 years 
Table VI. Economic Analysis of Cattle Waste Processing with Gas 
Purification at a Gas Price of $. 70/1000 SCF Using 
Guthrie's34 Cost Data. 
100,000 10,000 
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Head Feedlot Head Feed 1 ot 
Capital Costs 
Anaerobic Digestion $2,486,304 $454,494 Activated Sludge Process 763,210 117,773 
TOTAL $3,249,514 $572,267 
Revenue $1,389,882 $129,710 
Operating Costs 
AnaerGbic Digestion $ 141 ,638 $ 1,675 
Activated Sludge Process 26,800 6,070 
Depreciation, Taxes, Insuracen, 649,902 114,453 
Maintenance (20% Capital Cost 
per year) 
TOTAL $ 818,340 $122,198 
Gross Profit $ 571 ,542 $ 7,512 
Income Tax (50%) $ 285,771 $ 3,756 
Net Profit $ 285,771 $ 3,756 
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Payout Period as a Function of Effluent Concentration for a 
100,000 Head Feedlot Using Guthrie's34 Cost Data , Gas Pr ice 
$.70/1000 SCF, Number of Digesters = 2 with Gas Purification. 
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treatment is disproportionate to the revenue gained from gas production. 
This is explained by examining equation (11). The rate of reaction is 
proportional to the reactor concentration. As the concentration ap-
proaches lower levels, accordingly the reaction rate decreases. There-
fore, the digester volume necessary to reduce the substrate concentra-
tion at low levels is much greater, hence the cost increases. By 
ceasing the reaction at levels above 3,000mg/l ,one fails to take 
full advantage of the concentration gradient available. 
Figures 7 and 8 illustrate the effect of varying the number of 
digesters using Smith•s and Guthrie•s cost data respectively. As 
explained using Smith•s cost data, the pay out period improves as the 
number of reactors increases (total system volume decreases). However, 
applying a constraint of a nine day residence time, the pay out periods 
for systems of four and five digesters are discarded. Also~ explained, 
the calculations using Guthrie•s data produce an optimum of two di-
gesters. As shown the economics are also sensitive to variation in 
the number of digesters in the system. This parameter should be con-
sidered as a design variable in future studies. 
Variations in number of digesters used produced marked contrast 
between Guthrie•s and Smith•s cost data. With Smith•s data the greater 
the number of reactors the more profitable the operation, as the number 
of digesters is increased, the total volume of the system decreases. 
This behavior is characteristic of stirred reactors. Using Smith•s 
data in the size range we are considering, the cost per cubic foot of 
digester remains approximately constant. 
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with Gas Purification. 
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expenditure any decrease in system volume will correspondingly improve 
the economics. For Guthrie•s data the unit cost per cubic foot in-
creases with decreasing tank size. For this situation a point is reached 
where a decrease in system size (by installing a larger number of 
smaller digesters) will result in an increase in capital expenditures. 
As noted in appendix B the optimum number of digesters using Guthrie•s 
cost data is either two or three. 
V. CONCLUSIONS AND RECOMMENDATIONS 
On the basis of the findings of this study the following con-
clusions were made. 
48 
1. The success of experimental investigators has proven that the 
anaerobic digestion of cattle wastes is technically feasible. 
2. From the limited available data, the kinetics of anaerobic 
digestion of cattle waste appear . to be described by the relationship 
d2C* k C* 
s 4 s 
De 2 - a K + C* = O dx s 
This relationship can be used to determine the volume of an anaerobic 
digester system. 
3. The economic calculations show that: 
a. At current and projected increased natural gas prices, 
the anaerobic digestion of cattle wastes for the production of methane 
gas is a profitable enterprise. This is based upon the use of the 
most conservative cost data available (i.e. when conflicting cost 
data was found, the most expensive model was chosen). 
b. This method of treatment of cattle feedlot wastes is 
advantageous to large (100,000 head) and small (10,000 head) feedlot 
operators. 
c. Based upon the developed kinetic model, optimum system 
design may be determined from the variation of the number of digesters 
in the system and the effluent concentration from the system. Cal-
culations for the systems eval~atedin this study indicate requirements 
of two or three digesters with an effluent concentration from the 
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digesters of 2000-3000 mg/1 BOD5. 
d. Gas purification adds a significant additional expense to 
the process. Costs for this treatment amount to $.12-$.17/1000 SCF. 
e. Significant improvements of economic profitability may be 
achieved by use of additional treatment facilities to reduce BOD5 
levels to the low concentrations required rather than attempt to 
achieve these low levels solely by anaerobic digestion. The activated 
sludge system was determined to be the most economical system available 
for treatment of digester effluent. 
The results of this study suggest the following points be in-
vestigated further: 
1. A pilot scale system of anaerobic digesters in series should 
be constructed and tested to verify its applicability. 
2. Gas concentration and production rates should be verified at 
high BOD removal levels. 
3. Investigations need to be conducted into the basic mechanisms 
of the reactions and into the means of enhancing diffusion rates. 
Agitation appears to be one factor that would improve these rates. 
Gas recirculation needs to be studied, as well as the effects of 
temperature and chemical composition on anaerobic reactions. Reactor 
configurations, other than a two stage series arrangement, also should 
be evaluated. 
4. The use of the contact anaerobic process should be thoroughly 
evaluated. The contact anaerobic process involves recycle of sludge 
to the digester as seed. Residence times of as low as 12 to 13 hours 
with removal of up to 95 percent BOD5 have been achieved with these 
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systems. This reduction was achieved on meat packing wastes at a 
digester loading of approximately .2 lb BOD/FT3-DAY. (42 ) The advantage 
of shorter residence is obvious in that the total digester volume can 
be significantly reduced thereby greatly reducing capital expenditures 
and operating costs. 
5. Before attempting any large scale application, more compre-
hensive and consistent cost data should be obtained. Variations and 
discrepencies among existing data leave doubt as to the true costs in-
volved in such a process. 
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1 COMMON CI,AK1,E,VO,R,Tl,P1,P2,AK2,NA 
2 COMMON TVOL,TCOST,TOPCST,T4VOL,T2VOL 
3 DIMENSION X(1 0) ,C (l 0), VOL (1 0), CH4VOL (1 0) ,C02VOL (1 0), VOL$ (l 0) ,OPCOS 
1T(1 0) 
4 NA=O 
5 READ(1,100) CI,CF,AK1,E,VO,R,T1,P1,P2,AK2 
6 100 FORMAT(10F8.0) 
7 3 NA-NA+1 
8 CF=lOOO.O 
9 1F(NA.GT.8) GO TO 4 
10 READ(1,100)VO 
11 DO 1 01 N= 1 , 5 
12 B=N 
13 TIME=(1.0/(AK1*(1.0+E)))*((CI/CF)**(1.0/B)-1.0) 
14 WRITE(3,1001) TIME 
15 1001 FORMAT('O TIME=' ,F6.2,'DAYS') 
16 TOPCST=O. 0 
17 T4VOL-O.O 
18 T2VOL=O.O 
19 TVOL=O. 0 
20 TCOST=O.O 
21 M=N+1 
22 DO 102 I=2,M 
23 C{1 )=CI 
24 C(I)=C(I-1 )/((1.0+E)*AK1*TIME+1.0) 
25 WRITE{3,1002) I,C(I) 
26 1002 FORMAT(' C(',I1,')=',F10.2,'PPM') 
27 X{I)=(C(1 )-C(I))/(C(1 )+E*C{I)) 
28 WRITE{3,1003) I,X(I) 



































1 03 FORMAT ( I VOL(' 'Il ' I ) =I 'F12. 2' II FT3 I ) 
VOL$(I)=VOL(I)*(1.04+10.70*(1000.0/VOL(I)))**0.872*(325.0/238.0) 
IF(NA.LT.5) GO TO 999 
WVOL=(VOL(I)/(2.0*359.0*3600.0))*27.2 
WRITE(3,20) WVOL 
20 FORMAT(' WVOL =' ,F12.2,'LB/SEC') 
CPHVL=((AK2*R*T1*WVOL*60.0*0.02357)/((AK2-1.0)*27.2))8((30.0/P1)** 
1 ( (AK2-1. O)/AK2)-l. 0) 
CPHV$=625.0*CPHVL**0.787*(325.0/273.0) 
WRITE(3,21) CPHV$ 















105 FORMAT(' CH4VOL(' ,11 'I )='F18.2, 'FT3') 
WR1TE(3,106) J,C02VOL(1) 
106 FORMAT(' C02VOL(' ,Il,') ='F18.2,'FT3') 
T4VOL=T4VOL+CH4VOL(I) 
T2VOL=T2VOL+C02VOL(I) 
1 02 CONTINUE 
58 
59 
62 CALL ACOST(C(I)) 
63 101 CONTINUE 
64 CF=CF+1000.0 
65 IF(CF.LT.7001.0) GO TO 1 
66 GO TO 3 
67 4 CONTINUE 
68 STOP 
69 END 
70 SUBROUTINE ACOST(CF) 
71 COMMON CI ,AK1 ,E,VO,R,Tl ,P1 ,P2,AK2,NA 
72 COMMON TVOL,TCOST,TOPCST,T4VOL,T2VOL 
73 WRITE(3,1007) TVOL 
74 1007 FORMAT( I TVOL =1 ,F18.2, I FT3 1 ) 75 WRITE(3,1008) TCOST 
76 1008 FORMAT( I TCOST =1 ,F12.2, 1 $1 ) 
77 WRITE(3,1005) TOPCST 
78 1005 FORMAT( I TOPCST =1 ,F12.2, 1 */YR 1 ) 79 WRITE(3,107) T4VOL 
80 l 07 FORMAT( I TVOLCH4 =1 ,F18.2, 1 FT3 1 ) 81 WRITE(3,108) T2VOL 
82 108 FORMAT( I TVOLC02 =1 ,F18.2, 'FT3 1 ) 
83 IF(NA.EQ.2) GO TO 999 
84 IF(NA.EQ.4) GO TO 999 
85 IF(NA.EQ.6) GO TO 999 




90 WRITE(3 ,99) D 
91 99 FORMAT( I D =' ,F12.2,'FT') 
92 EAM$=(1325.0*0*3.04+10.0*107.0*0*3.18)*(325.0/273.0)*2.0 
60 
93 WRITE(3,98) EAM$ 
94 98 FORMAT( I MEA$ =I ' F1 2. 2' I $I ) 95 OPMEA$=(T2VOL/359.0)*0.0307*0.50 
96 WRITE(3,22) OPMEA$ 
97 22 FORMAT( I OPMEA$ =• ,F12.2, 1 $/YR 1 ) 98 WCH4=(T4VOL*16.0)/(359.0*365.0*24.0*3600.0) 99 WRITE(3,1017) WCH4 
100 1017 FORMAT( I WCH4 =· ,F12.2, 1 LBS/SEC 1 ) 101 WC02=(T2VOL*16.0)/(359.0*365.0*24.0*3600.0) 102 WRITE(3,1018) WC02 
103 1018 FORMAT( I WC02 =· ,F12.2, 1 LBS/SEC 1 ) 
104 CPHP=((AK2*R*T1*WCH4*60.0*0.02357)/((AK2-1.0)*16.0))*((P2/P1)**((A 
1K2-1.0)/AK2)-1.0) 
105 WRITE(3,1016) CPHP 
106 1016 FORMAT(• CPHP= I 'F12. 2' I HP I ) 107 CPHP$=625.0*CPHP**0.787*(325.0/273.0) 
108 WRITE(3,110)CPHP$ 
109 110 FORMAT( I CPHP$ =· ,F10.2,•$•) 
110 CPOP$=CPHP*0.7457*8760.0*0.01 
111 WRITE(3,97) CPOP$ 
112 97 FORMAT(' CPOP$ =· ,F12.2, 1 $1 ) 
113 999 TIME1=(1.0/(2500.0*0.0008))*((CF/100.0)-1.0) 
V$LACS=(V0*(1.0+E*((CI-CF)/(CI+E*CF))))*62.4*((CF-100.0)/1000000.0 
1)*75.0 
115 WRITE(3,1009) TIME1 
116 1009 FORMAT( I TI ME 1 = I ' F 1 2 . 2 ' I H RS I ) 
117 VOLACS=(V0*(1.0+E*((CI-CF)/(CI+E*CF)))*TIME1*7.48)/24.0 
118 WRITE(3,1010) VOLACS 
119 1010 FORMAT( I VOLACS =• ,F18.2, 1 GAL 1 ) 
120 WRITE(3,1011)V$LACS 





































1012 FORMAT(' ACSOP$ =' ,F18.2,'$') 
TIME2=(1.0/0.218)*((CF/100.0)-l.O) 
WRITE(3,1013) TIME2 




1014 FORMAT(' VOLLAG =' ,F18.2, 'GAL') 
WRITE(3,1015) V$LLAG 
1015 FORMAT(' V$LLAG ='F18.2, '$') 
CAP$=TCQST+V$LACS 
OP$=TOPCST+ACSOP$+0.2*CAP$ 
IF(NA.EQ.2) GO TO 997 
IF(NA.EQ.4) GO TO 997 
IF(NA.EQ.6) GO TO 997 
IF(NA.EQ.8) GO TO 997 
CAP$=TCOST+EAM$+CPHP$+V$LACS 
OP$=TOPCST+CPOP$+ACSOP$+0P,EA$+0.2*CAP$ 
997 WRITE(3,23) CAP$ 
23 FORMAT(' CAP$=' ,F12.2,'$') 
WRITE{3,24) OP$ 
24 FORMAT(' OP$ =',Fl2.2,'$/YR') 
CC=0.00020 




109 FORMAT(' CH4 VALUE=' ,Fl0.2,'$') 
GP=CH4$-0P$ 





157 WRIT£(3,30) GP 
158 30 FORMAT(' GP =' ,F12.2,'$/YR') 
159 WRIT£(3,25) PO 
160 25 FORMAT(' PAY OUT=' ,Fl2.2,'YR') 





Economic Analysis of Cattle Waste Processing 
64 
Table VII. Payout Per~od (Years) for 100,000 and 10,000 Head 
Feedlots W1thout Gas Purification at $.30/1000 SCF 
Using Smith•s Data.* 
100,000 Head Feedlot 
Number of Effluent Concentration (BODs mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 7000 
1 -13.28 -33.39 338.24 48.25 40.36 53.32 152.43 
2 -118.19 27.58 17.74 21.40 32.15 77.57 
3 43.87 16.39 15.03 19.13 29.59 71.78 
4 25.38 13.72 12.63 14.17 18.45 29.04 72.02 
5 20.31 12.59 12.06 13.92 18.26 29.12 74.23 
10,000 Head Feedlot 
Effluent Concentration (BOD 5 mg/1) 
, Number of 
Digesters 1000 2000 3000 4000 5000 6000 7000 
1 -18.54 -88.05 59.75 33.72 33.80 48.98 166.98 
2 103.94 21.17 16.65 17.50 22.31 36.13 115. 31 
3 27.72 15.31 14.26 16.28 21.88 37.32 141.04 
4 20.88 14.04 13.94 16.52 22.93 41.05 210.00 
5 20.31 12.59 12.06 13.82 18.26 29.12 74.23 
* The dark line drawn between the data forms the nine day constraint. 
All points above the line satisfy the constraint, those below do not. 
Table VIII. Payout Per~od (Years) for 100,000 and 10,000 Head 
Feedlots W1thout Gas Purification at $.30/1000 SCF 
Using Guthr.ies Data.* 
100,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1 QOO 2000 3000 4000 5000 6000 
1 -47.86 17.06 12.09 12.66 16.03 24.45 
2 14.04 9.77 11.82 16. 17 26.26 
3 11.78 9.76 12.75 17.85 30.12 
4 11.88 10.12 11. 13 13.93 19.80 34.66 
5 12.52 10.89 12.06 15.21 21.91 39.89 
10,000 Head Feelot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digester 1000 2000 3000 4000 5000 6000 
1 -34.04 381.72 58.35 50.24 67.51 207.39 
2 -1250.20 55.62 44.52 52.71 93.70 -2230.72 
3 592.43 65.76 58.35 78.31 217.26 -171.30 
4 -1724.86 95.91 87.10 140.23 -1908.64 -97.91 














* The dark line drawn between the data forms the nine day constraint. 
All points above the li ne satisfy the constraint, those below do not. 
Table IX. Payout Per~od (Years) for 100,000 and 10,000 Head 
Fe:dlots.Wlthout Gas Purification at $.40/1000 SCF 
Us1ng Sm1th's Data.33* 
100,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 17.47 277.05 21.18 14.25 13.40 15.26 
2 29.83 10.73 9. 16 9.79 12.15 
3 13. 12 8. 81 8. 61 9.44 11 . 61 
4 10.10 8.22 7.98 8.40 9. 31 11.47 
5 9.40 7.92 7. 81 8.31 9.27 11.45 
10,000 Head Feedlot 
Effluent Concentration (BOD5 mg/1) 
Number of 
Digesters 1090 2000 3000 4000 5000 6000 
1 -28.48 45.99 16.63 12.82 12.79 15.15 
2 19.88 9.92 9. 12 9.28 10.09 13.15 
3 11. 58 8.84 8.58 9.03 9.98 13.35 
4 9.87 8.53 8.50 9.07 10.24 13.96 














*The dark line drawn between the data forms the nine day constraint. 
All points above the line satisfy the constraint, those below do not. 
Table X. Payout Period (Years) for 100,000 and 10,000 Head 
Feedlots Without Gas Purification at $.40/1000 SCF 
Using Guthrie•s Data.34* 
100,000 Head Feedlot 
Number of 
Effluent Concentration (BOD 5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 26.95 8.53 7.65 7.93 8.80 10.37 
2 8. 01 6.89 7.76 8.88 10.88 
3 7.54 6.92 8.04 9. 21 11.73 
4 7.60 7.15 7.53 8.35 9.54 12.59 
5 7.80 7.41 7. 81 8.64 9.85 13.44 
10,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -428.72 24.43 16.47 15.48 17.28 22.48 
2 27.77 16.25 14.75 15.81 19. 17 26.84 
3 25.45 17.32 16.52 18.26 22.79 33.46 
4 27.65 19.52 18.93 21.24 27. 11 41.82 














* The dark line drawn between the data forms the nine day constraint. 
All points above the line satisfy the constraint, those below do not. 
Table XI. Payout Period (Years) for 100,000 and 10 000 Head 
Feedlots Without Gas Purification at $.50/1000 SCF 
Using Smith•s Data.33* 
100,000 Head Feedlot 
Number of 
Effluent Concentrations (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -25.55 26.91 10.93 9.11 8.91 9.42 
2 13.24 8.00 7.14 7.64 8.57 
3 8. 71 6.83 6.71 7.36 8.39 
4 7.73 6.37 6.20 6.55 7.26 8.33 
5 7.24 6. 14 6.07 6.47 7.22 8.32 
10,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -58.33 18~23 9.82 8.84 8.82 9.45 
2 1 0. 99 7. 81 7.18 7.30 7.89 8. 91 
3 8.45 6.96 6.75 7. 10 7.84 8.97 
4 7.78 6.72 6.69 7.13 7.95 9.14 
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* The dark line drawn between the data forms the nine day constraint. 
All points above the line satisfy the constraint, those below do not . 
Table XII. Payout Period (Years) for 100,000 and 10,000 Head 
Feedlots Without Gas Purification at $.50/1000 SCF 
Using Guthrie•s Data.34* 
100~000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 1 o. 51 6.44 5.89 6. 14 6.85 7.94 
2 6.09 5.32 6.05 6.93 8.14 
3 5.79 5.36 6.27 7.19 8.43 
4 5.85 5.54 5.86 6.50 7.44 8. 70 
5 6. 01 5.74 6.07 6.73 7.68 8.94 
10,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 40.47 12.62 9.79 9. 56 9.95 11.88 
2 13. 73 9.75 9.64 1 o. 68 13.34 
3 13.01 9.99 10.33 12.03 15.24 
4 13. 71 10.87 1 o. 62 11 .49 13.46 17.23 
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* The dark line drawn between the data forms the nine day constraint. 
All points above the line satisfy the constraint, those below do not. 
Table XIII. Payout Period (Years) for 100,000 and 10,000 Head 
Feedlots Without Gas Purification at $.60/1000 SCF 
Using Smith•s Data.33* 
100,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -47.52 14. 14 8.48 7.43 7.29 7. 72 
2 9.20 6. 51 5.85 6.27 7. 03 
3 7.07 5.57 5.50 6.04 6.88 
4 6.28 5.20 5.08 5.37 5.95 6.83 
5 5.89 5. 01 4.97 5.30 3.92 6.83 
10,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 1215.03 11.37 8.10 7.28 7.26 7.78 
2 8.63 6.44 5.92 6. 01 6.50 7.33 
3 6.97 5.74 5.57 5.85 6.46 7.38 
4 6. 41 5.54 5. 51 5.58 6.54 7. 51 















The dark line drawn between the data forms the nine day constraint. 
All points above the 1 ine satisfy the constraint, those below do not. 
Table XIV. Payout Per~od (Years) for 100,000 and 10,000 Head 
Fe~dlots W1thout Gas Purification at $.60/1000 SCF 
Us1ng Guthrie's Data.34* 
100,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 7.90 5. 17 4.78 5. 01 5.60 6. 51 
2 4.92 4.33 4.95 5.68 6.68 
3 4.69 4.38 5.13 5.89 6.91 
4 4.75 4.53 4.79 5.33 6.10 7. 13 
5 4.89 4.69 4.97 5. 51 6.29 7.33 
10,000 Head Feedlot 
Number of 
Effluent Concentration (BOD 5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 19.32 9.19 8.07 7.87 8. 20 8.94 
2 9.54 8.04 7.94 8. 51 9. 40 
3 9.32 8.24 8.38 8.99 9.93 
4 9.54 8.59 8.49 8. 81 9.45 10.85 














* The dark line drawn between the data forms the nine day constraint. 
All points above the line satisfy the constraint, those below do not. 
Table XV. Payout Per~od (Years) for 100,000 and 10,000 Head 
Fe~dlots.Wlthout Gas Purification at $.70/1000 SCF 
Us1ng Sm1th's Data.33* 
100,000 Head Feedlot 
Number of 
Effluent Concentration (BODs mg/1) 
Digesters 1000 2000 3000 4000 sooo 6000 
1 -338. 72 9.79 7.14 6.28 6.17 6.S4 
2 7.71 s.so 4.9S S.31 S.96 
3 S. 9S 4.71 4.66 s. 12 S.83 
4 S.29 4.40 4.30 4.S4 S.04 S.79 
s 4.96 4.24 4.20 4.49 s. 01 S.78 
10,000 Head Feedlot 
Number of 
Effluent Concentration (BODs mg/1) 
Digesters 1000 2000 3000 4000 sooo 6000 
1 S3.22 9.0S 6.89 6.19 6.17 6. 61 
2 7.34 S.48 S.04 s. 12 S.53 6.23 
3 S.93 4.88 4.74 4.98 5.49 6.27 
4 S.46 4.71 4.69 s.oo 5.56 6.38 














* The dark line drawn between the data forms the nine day constraint . 
All points above the line satisfy the constraint, those below do not. 
Table XVI. Payout Period (Years) for 100,000 and 10,000 Head 
Feedlots Without Gas Purification at $.70/1000 SCF 
Using Guthrie•s Data.34* 
100,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 6.43 4.32 4.02 4.23 4.74 5. 51 
2 4.12 3.66 4.20 4.81 5.66 
3 3.95 3.70 4.35 4.99 4.86 
4 4.00 3.82 4.06 4. 51 5.17 6.05 
5 4.12 8.96 4.21 4.67 5.33 6. 21 
10,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 12.69 7.82 6.86 6.70 6.97 7.59 
2 8.12 6.84 6.58 6.76 7.23 7.99 
3 7.93 7. 01 6.88 7.12 7.64 8.44 
4 8. 12 7.31 7.22 7.49 8.03 8.84 
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* The dark line drawn between the data forms the nine day constraint 
All points above the line satisfy the constraint, those below do not. 
Table XVII. Payout Period (Years) for 100,000 and 10,000 Head 
Feedlots With Gas Purification at $.30/1000 SCF 
Using Smith•s Data.33* 
100,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -10.99 -16.46 -25.40 -36.09 -40.86 -36.51 
2 -20.90 -50.19 -87.47 -49.91 
3 -34.51 -176.03 -53.61 
4 -51.58 1185.21 190. 19 866.34 -132.36 -54.05 
5 -71.89 235.54 141. 56 528.68 -133.92 -53.27 
10,000 Head Feedlot 
Effluent Concentration (BOD5 mg/1) 
Number of 
Digesters 1000 2000 3000 4000 .5000 6000 
1 -14.25 -21.85 -32.39 -40.45 -39.44 -32.68 
2 -29.32 -66.31 -106.26 -87.20 -55.39 -36.89 
3 -49.12 -155.37 -208.41 -104.84 -56.44 -36. 21 
4 -68.94 -267.40 -241. 91 -99.66 -53.24 -34.64 














*The dark line drawn between the data forms the nine day constraint. 
All points above the line satisfy the constraint, those below do not. 
Table XVIII. Payout Per~od (Years) for 100,000 and 10,000 Head 
Feedlots W1th Gas Purification at $.30/1000 SCF 
Using Guthrie•s Data.34* 
100,000 Head Feedlot 
Number of 
Efflu ent Concentration (BOD 5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -13.72 -59.57 498.90 313.12 -244.02 -66.14 
2 -129.94 65.49 118.64 -307.84 -61 . 84 
3 371.72 59.30 185.42 -156.50 -52.68 
4 284.13 70.73 92.66 561.63 -104.65 -46.30 
5 568.34 94.23 141.68 -624.45 -80.60 -41.83 
10,000 Head Feedlot 
Effluent Concentration (BOD5 mg/1) 
Number of 
Digesters 1000 2000 3000 4000 5000 6000 
1 -17.73 -26. 17 -32.61 -33.79 -30.59 -26.05 
2 -25.21 -33.63 -36.04 - 3.34 -28.75 -24.31 
3 -26.17 -32.10 -32.79 -30.12 -26.35 -22.73 
4 -25.36 -29.68 -29.88 -27.65 -24.58 -21.58 














* The dark line drawn between the data forms the nine day constraint . 
All points above the line satisfy the constraint, those below do not. 
Table XIX. Payout Period (Years) for 100,000 and 10,000 Head 
Feedlots with Gas Purification at $.40/1000 SCF 
Using Smith•s Data.33 
100,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -13 . 62 -34.48 571. 14 56.22 47.07 63.94 
2 -116.21 31.25 20.30 24.61 37.52 
3 49.82 18.63 17.25 22.00 34.47 
4 28.66 15.67 14.57 16 . 29 21.25 33.84 
5 22.97 14.42 13.88 15.91 33.95 94 .29 
10,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -18.77 -62.25 147.99 51. 01 53.43 122.59 
2 609.11 32.58 25.27 27.21 36 . 93 73.30 
3 44.22 22.75 21.41 25.12 36.10 77 . 15 
4 31.63 20.76 20.91 25.54 38.24 90.04 
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-214.86 
-151 . 04 
*The dark line drawn between the data forms th7 nine day constraint. 
All points above the line satisfy the constra1nt, those below do not. 
Table XX. Payout Period (Years) for 100,000 and 10,000 Head 
Feedlots with Gas Purification at $.40/1000 SCF 
Using Guthrie's Data.34* 
100,000 Head Feedlot 
Number of 
Effluent Concentration (BOD 5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -50.01 19.78 14.05 14.68 18.53 28.42 
2 16.19 11.11 13 . 67 18.65 30.51 
3 13.58 11. 06 14.71 20.55 35.10 
4 13.66 11 . 71 12.85 16.03 22.79 40 . 60 
5 14.36 12.55 13.88 17.46 25.22 47.02 
10,000 Head Feedlot 
Number of 
Effluent Concentration (BOD 5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -31. 61 -228.29 141.34 112.94 227.39 -250.55 
2 -143.90 122.98 88.40 122.80 876.79 -121.78 
3 -205.75 168.88 140. 61 308.44 -269.66 -79.43 
4 -148.25 484.56 386. 11 -783.15 -127.23 -61.77 













-35 . 60 
* The dark line drawn between the data forms the nine day constraint. 
All points above the line satisfy the constraint, those below do not. 
Table XXI. Payout Period (Years) for 100,000 and 10 000 Head 
Feedlots with Gas Purification at $.50/lOOo ·scF 
Using Smith•s Data.33* 
100,000 Head Feedlot 
Number of 
Effluent Concentration (Boo5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -17.90 362.88 23.33 15.80 14.93 17.04 
2 32.63 11.92 9.75 10.79 13.64 
3 14.47 9.39 9.22 1 o. 07 13.04 
4 11 • 21 8.82 8.60 9.02 9.92 12.88 
5 9.95 8.53 8.44 8.94 9.88 12.87 
10,000 Head Feedlot 
Number of 
Effluent Concentration (BOD 5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -27.53 73.35 22.53 17.39 17.58 21.32 
2 26.75 13.08 11 . 29 11.77 13.85 18.38 
3 15.24 1 o. 60 1 o. 18 11 . 21 13.68 18.68 
4 12.86 1 5. 28 10.02 11.32 14.07 19.58 














*The dark line drawn between the data forms the nine day constraint. 
All points above the line satisfy the constraint, those below do not. 
Table XXII. Payout Per~od (Years) for 100,000 and 10,000 Head 
Fe~dlots Wlth Gas Purification at $.50/1000 SCF 
Us1ng Guthrie•s Data.34* 
100,000 Head Feedlot 
Number of Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 30.38 9.18 8.32 8.58 9.43 11.70 
2 8.65 7.55 8.41 9.50 12.24 
3 8.18 7.58 8.67 9.82 13.16 
4 8.23 7.79 8.17 8.97 1 o. 27 11.11 
5 8.42 8.04 8.44 9.25 10.90 15.05 
10,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -145.78 33.95 22.31 21. 14 24.12 32.88 
2 38.80 21.74 19.85 21.51 25.98 40.48 
3 35. 1 0 23.20 22.36 25.20 32.75 53.17 
4 38.50 25.44 24.87 29.75 40.05 71.06 














* The dark line drawn between the data forms the nine day constraint . 
All points above the line satisfy the constraint, those below do not. 
Table XXIII. Payout Period (Years) for 100,000 and 10,000 Head 
Feedlots with Gas Purification at $.60/1000 SCF 
Using Smith•s Data.33* 
100,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -26.10 28.98 11.91 9.58 9.40 9.92 
2 14.31 8.48 7.67 8.17 9.09 
3 9. 17 7.34 7.25 7.90 8. 91 
4 8.22 6.90 6.75 7.10 7.80 8.86 
5 7.74 6.68 6.62 7.02 7. 77 8.85 
10,000 Head Feedlot 
Number of 
Effluent Concentration (BOD 5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 -51.57 23.08 12. 19 10.14 10.20 11.67 
2 13.67 9.00 8.42 8.58 9.20 1 o. 51 
3 9.59 8.17 8. 01 8.38 9.15 10.63 
4 8.93 7.94 7.94 8.42 9.25 10. 98 














* The dark line drawn between the data forms the nine day constraint. 
All points above the line satisfy the constraint, those below do not. 
Table XXIV. Payout Period (Years) for 100,000 and 10,000 Head 
Feedlots with Gas Purification at $.60/1000 SCF 
Using Guthrie 1 s Data.34* 
100,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters ]QQQ 2000 3000 4000 5000 6000 
1 11.65 7. 01 6.46 6.71 7.41 8.48 
2 6.65 6. 61 7.48 8.67 
3 6.34 6.82 7.73 8.95 
4 6.40 7.05 7.98 9. 21 
5 6.55 6.29 6.62 7.27 8.20 9.45 
10,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 55.82 15.80 12. 11 11.66 12.73 15.43 
2 17.09 11.92 11. 18 11.85 13.79 17.35 
3 16.17 12.49 12. 15 13. 14 15.44 19.92 
4 17.06 13.59 13.39 14.60 17.31 22.66 














* The dark line drawn between the data forms the nine day constraint. 
All points above the line satisfy the constraint, those below do not. 
Table XXV. Payout Period (Years) for 100,000 and 10,000 Head 
Feedlots with Gas Purification at $.70/1000 SCF 
Using Smith•s Data.33* 
100,000 Head Feedlot 
Number of 
Effluent Concentration (BODs mg/1) 
Digesters 1000 2000 3000 4000 sooo 6000 
1 -48. 21 lS. 09 8.88 7.87 7.74 8.17 
2 9.56 6.9S 6.32 6.74 7.SO 
3 7.48 6.03 S.98 6.Sl 7.3S 
4 6.72 S.67 s.ss S.8S 6.43 7. 31 
s 6.33 5.49 S.4S S.78 6.40 7. 30 
Number of 
10,000 Head Feedlot 
Effluent Concentration (BODs mg/1) 
Digesters 1000 2000 3000 4000 sooo 6000 
1 -407.69 13.69 9.11 8.34 8.36 8.91 
2 9.57 7.46 6.98 7. 11 7.62 8.48 
3 7.9S 6.78 6.64 6.95 7.S8 8.S2 
4 7.41 6.S8 6.S9 6.98 7.66 8.66 














* The dark line drawn between the data forms the nine day constraint. 
All points above the line satisfy the constraint, those below do not. 
Table XXVI. Payout Per~od (Years) for 100,000 and 10,000 Head 
Fe~dlots w1th Gas Purification at $.70/1000 SCF 
Us1ng Guthrie•s Data.34* 
100,000 Head Feedlot 
Number of 
Effluent Concentration (BOD5 mg/1) 
Digesters 1000 2000 3000 4000 5000 6000 
1 8.38 5.67 5.28 5. 51 6.10 6.99 
2 5.40 4.83 5.45 6.17 7.15 
3 5.18 4.87 5.62 6.37 7.38 
4 5.23 5.01 5.28 5.81 6.57 7.60 
5 5.36 5.17 5.45 5.99 6.76 7.79 
10,000 Head Feedlot 
Effluent Concentration (BOD5 mg/1) 
Number of 
Digesters 1000 2000 3000 4000 5000 6000 
1 23.42 1 o. 30 9.08 8.92 9.27 10.08 
2 10.96 9.02 8.75 8. 99 9.57 11.04 
3 10.51 9. 21 9.09 9. 41 1 o. 10 11.25 
4 1 o. 95 9.55 9.49 9.83 11.04 13.46 














* The dark line drawn between the data forms the nine day constraint. 
All points above the line satisfy the constraint, those below do not. 
